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Summary

Battelle received five samples from Hanford waste tank 241-AP-101, taken at five different depths 
within the tank.  No visible solids or organic layer were observed in the individual samples.
Individual sample densities were measured, then the five samples were mixed together to provide a 
single composite.  The composite was homogenized and representative sub-samples taken for 
inorganic, radioisotopic, and organic analysis.  All analyses were performed on triplicate sub-samples
of the composite material.1  The sample composite did not contain visible solids or an organic layer.
A subsample held at 10°C for seven days formed no visible solids.

The characterization of the 241-AP-101 composite samples included:

• Inductively-coupled plasma spectrometry for Ag, Al, Ba, Bi, Ca, Cd, Cr, Cu, Fe, 
K, La, Mg, Mn, Na, Nd, Ni, P, Pb, Pd, Ru, Rh, Si, Sr, Ti, U, Zn, and Zr
(Note: Although not specified in the test plan, As, B, Be, Co, Li, Mo, Sb, Se, Sn, 
Tl, V, W, and Y were also measured and reported for information only)

• Radioisotopic analyses for total alpha and total beta activities, 3H, 14C, 60Co, 79Se,
90Sr, 99Tc as pertechnetate, 106Ru/Rh, 125Sb, 134Cs, 137Cs, 152Eu, 154Eu, 155Eu, 238Pu,
239+240Pu, 241Am, 242Cm, and 243+244Cm

• Inductively-coupled plasma mass spectrometry for 237Np, 239Pu, 240Pu, 99Tc, 126Sn,
129I,  231Pa, 233U, 234U, 235U, 236U, 238U, 241AMU, 242AMU, 243AMU, As, B, Be, Ce, 
Co, Cs, Eu, I, Li, Mo, Pr, Rb, Sb, Se, Ta, Te, Th, Tl, V, and W

• Total U by kinetic phosphorescence analysis

• Ion chromatography for Cl, F, NO2, NO3, PO4, SO4, acetate, formate, oxalate, 
and citrate

• Density, inorganic carbon and organic carbon by two different methods, mercury, 
free hydroxide, ammonia, and cyanide

• Polychlorinated biphenyls

The 241-AP-101 composite met all contract limits (molar ratio of analyte to sodium or ratio of 
becquerels of analyte to moles of sodium) defined in Specification 7 for Envelope A.2  Except for a 
few cases, the characterization results met or surpassed the quality control requirements established 
by the governing quality assurance plan and met or surpassed the minimum reportable quantity 
requirements specified by BNFL.

1 Specific inorganic, radiochemical, and organic analytes of interest and reporting requirements were defined in 
CCN: 01260 Letter to Eugene Morrey and translated to the laboratory personnel via ASR 5778, test instructions 
BNFL-TP-29953-81 and -83.
2 As provided by Tank Waste Remediation System Privatization Contract DE-AC27-96-RL13308, Mod 14 
(4/18/00) Table TS-7.1 LAW Chemical Composition, Soluble Fraction Only and Table TS-7.2 LAW 
Radionuclide Content, Soluble Fraction Only.



iv



v

Terms and Abbreviations

AEA alpha energy analysis
ASR analytical services request
AMU atomic mass units
BNFL BNFL, Inc; subsidiary of British Nuclear Fuels, Ltd. 
CCV continuing calibration verification
COC chain of custody
CVAA cold vapor atomic absorption
EQL estimated quantitation level 
GEA gamma energy analysis
HASQARD Hanford analytical services quality assurance requirements document
IC ion chromatography
ICP inductively coupled plasma/atomic emission spectrometry
ICP/MS inductively coupled plasma/mass spectrometry
IDL instrument detection limit
ISE ion specific electrode
KPA kinetic phosphorescence analyzer
LCS laboratory control standard
MDL method detection limit
MRQ minimum reportable quantity
MSA method of standard addition
NA not applicable
NIST National Institute of Standards and Technology
NP not performed
PCB polychlorinated biphenyl
QA quality assurance
QC quality control
RPD relative percent difference
RSD relative standard deviation
SAL Shielded Analytical Laboratory
SBMS standards based management system
SRM Standard Reference Material
TC total carbon
TCLP toxicity characteristic leaching procedure
TIC total inorganic carbon
TOC total organic carbon
TRU transuranic
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Units

°C - °F degrees Centigrade / degrees Fahrenheit
Bq becquerel (disintegrations per second)
g gram
g/mL gram per milliliter
µg/mL microgram per milliliter
µCi/mL microcurie per milliliter 
mL milliliter
mmole/mL millimole per milliliter
M molarity, moles per liter
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1.0 Introduction

This report presents the inorganic, organic and radioisotopic analytical results for a composite sample 
obtained from tank 241-AP-101 (AP-101).   This work was conducted in response to a request by 
BNFL.3  The results of the analyses are used to assess the waste composition relative to the contract 
limits defined in Specification 7 for envelope A.

Hanford waste tank 241-AP-101 was sampled on February 8, 2000 from Riser 002 at depths of 10, 
100, 190, 290, and 400 inches from the tank bottom, collecting nominally 130 mL per sample.4

These samples were received under chain-of-custody by the Radiochemical Processing Laboratory 
Shielded Analytical Laboratory.  All samples were clear yellow with no visible settled or suspended 
solids.  The AP-101 grab samples were mixed to form one large composite sample according to Test
Plan BNFL-TP-29953-083.  Sub-samples from this homogenized AP-101 composite sample were 
then delivered to various laboratories for specific analyses as defined in the analytical service request 
(ASR) 5778.  The sample was given an internal tracking number of 00-1701.  All analyses were run 
in triplicate.

The PNNL standards based management system (SBMS) quality assurance plan was used in support 
of all analytical operations and is in compliance with HASQARD.  The inorganic, radioisotopic, and 
organic analytes of interest, recommended methods, detection limits, and quality assurance 
parameters were defined by BNFL.  The quality requirements were included in ASR 5778.   Analyte 
determinations were performed according to project-approved procedures.

This report presents the physical observations from AP-101 and individual density measurements 
from the various tank depths sampled.  Precipitate production was evaluated at 10°C for seven days 
on a composite subsample.  Also presented are the inorganic, radioisotopic, and organic analytical 
results for the triplicate AP-101 composite samples. Analyte results are compared to Specification 7 
Envelope A limits, where applicable. Data limitations are also described.  Quality control, detection 
limits, and other quality control indicators are discussed relevant to the reporting method.

Revision 1 includes addition of PCB results as well as minor editorial corrections.

3 Statement of Work for 241-AP-101 Samples. Transmitted via letter: ME Johnson to EV Morrey, Contract No. 
DE-AC06-96RL13308-W375-Request for Proposal to Conduct Revised Analysis of Tank 241-AP-101
Samples, CCN: 012160.
4 Wood, R. F., Letter Report, CH2M Hill, Hanford Group, Inc., to J.J. Short, DOE-ORP, “Sample Management 
Document Package for Grab Samples form Tank 241-AP-101,” Letter No. CHG-0000767 dated February 15, 
2000.
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2.0 Initial Sample Processing

2.1 Sample Density and Homogenization

The samples from the five different sampling depths were confirmed to be clear and yellow with no 
suspended or settled solids, as indicated on the chain-of-custody form.  Each sample density was 
taken by determining the net sample mass in a 25-mL glass volumetric flask.5  The individual
densities, given in Table 2.1, show a slight decrease with increasing sampling elevation.

Table 2.1.  241-AP-101 Sample Densities and Volumes

Sample ID 1AP-00-1 1AP-00-4 1AP-00-7 1AP-00-10 1AP-00-13
Elevation (inches)* 400 290 190 100 10

Density (g/mL) 1.290 1.291 1.291 1.320 1.328
Mass received (g) 174.3 170.2 169.7 173.6 172.2

Volume received (mL) 135.2 131.8 131.5 131.6 129.7
*Elevation is the distance from the tank bottom to the mouth of the sample bottle.

The entire contents of each sample container were transferred to a 1-L jar; the net mass transferred 
was calculated by difference from the full and empty container masses.6  The 860-g (659.8-mL)
AP-101 composite was sealed and stirred for 54 minutes using a magnetic stir bar.  A 101-mL
sub-sample was transferred to a glass bottle and sealed.  For subsequent precipitation/crystallization 
testing at reduced temperature.  Portions of the remaining composite material were used for 
subsequent analyses.   The composite sample did not show signs of phase separation or precipitation.
The overall sample processing is summarized in Figure 2.1.

2.2 Sample Digestion for Analysis

After sample homogenization, the AP-101 composite sub-samples were delivered directly to the 
laboratories for various measurements including mercury, cyanide, hydroxide, tritium, total organic 
carbon, total inorganic carbon, ammonia, ion chromatography (inorganic and organic ions), 14C,
pertechnetate, 79Se, and gamma spectrometry.  The AP-101 composite density (see Table 3.5) was 
determined in the Shielded Analytical Laboratory (SAL).

The SAL processed 5-mL aliquots in triplicate according to PNL-ALO-128, HNO3-HCl Acid 
Extraction of Liquids for Metals Analysis Using a Dry-Block Heater, for subsequent ICP and ICP/MS 
analyses.  The acid extracted solutions were brought to a nominal 25-mL volume and absolute 
volumes determined based on final solution weights and densities.  This acid digestion resulted in a 
solution with a small amount of white floating particulates.  The floating particulates were removed 
by filtration.  The filtrates were analyzed by ICP and ICP/MS.  Along with the samples, the SAL 
processed a reagent blank, a toxicity characteristic leach protocol (TCLP)-metals spiked blank, and 
TCLP-metals spiked sample.  The TCLP metals spike included Ag, As, Ba, Cd, Cr, Ni, Pb, Se, Tl, 
and Zn.

5 PNNL Test Instruction Number 29953-81, Rev. 0, Density Measurements on As-Received AP-101 Samples, 
Paul Bredt, 2/10/00
6 PNNL Test Instruction Number BNFL-TP-29953-83, Rev. 0,  “AP-101 Homogenization and Subsampling,”
by Paul Bredt, 3/31/00
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Figure 2.1.  241-AP-101 Sample Processing
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The SAL also processed 20-mL AP-101 composite aliquots in triplicate according to PNL-ALO-128.
The acid extraction was insufficient to neutralize the 20-mL sample and it resulted in a small amount 
of solid residue formation (settled on the vial bottom as opposed to floating particulates).  Additional
8M HNO3 was added to one aliquot to dissolve the residual solids.  This resulted in severe foaming as 
well as visible NOx production.  Continued 8M HNO3 addition resulted in mixed-phases consisting of 
whitish floating material (estimated volume of between 0.1 and 0.5 cubic centimeters) on top of a 
near colorless solution.  Acid digestion/neutralization of the three 20-mL aliquots of AP-101
composite was abandoned in favor of performing a nitric acid digestion on 0.5-mL aliquots according 
to PNL-ALO-106, Acid Digestion for Preparation of Samples for Radiochemical Analysis.  Nitric 
acid additions and heating continued until all organic/nitric reactions had visibly ceased.  The samples 
were then brought to volume in 10-mL volumetric flasks with 2M HNO3.  If insoluble material 
formed, it was too small to discern.  A reagent blank was run with the samples.  These digestions 
were used for the subsequent analyses of total alpha, total beta, 239+240Pu, 238Pu, 241Am, 242Cm,
243+244Cm, total U by kinetic phosphorescence analysis (KPA), and 90Sr.  A laboratory control sample 
(LCS) was not available for radiochemical analyses.  Post digestion blank spikes and matrix spikes 
were prepared at the time of radiochemical separation.

2.3 Sample Precipitation at Reduced Temperature

A 101-mL aliquot of the AP-101 composite was visually inspected using a video camera installed in 
the HLRF hot cell.  The sample contained a very a small amount of particulate material.  This was 
removed by filtering through a 0.45-µm nylon membrane.  The clarified liquid was transferred to a 
clean glass jar and was then placed in a cooling bath at 10°C.  The sample was inspected daily 
(excluding weekends) for a period for seven days.  No solids formed after seven days.  Thus, the AP-
101 solution appears to be stable towards precipitation at 10°C.

2.4 Polychlorinated Biphenyl Extraction

The AP-101 composite was sampled and extracted for polychlorinated biphenyl (PCB) analysis 
according to special instructions in ASR 5778 and test plan BNFL-TP-29953-089. Sub-samples
consisted of duplicate 100-mL aliquots (surrogate spike only) and duplicate 50-mL aliquots 
(surrogate and Aroclor spike); a blank consisting of water (surrogate spike only) was processed with 
the sample set.  All samples were extracted three times with 25-mL methylene chloride.  The extracts 
were combined and transferred from the SAL to the PCB workstation under COC.  The methylene 
chloride extracts were dried over anhydrous sodium sulfate and concentrated to a 2-mL volume.
Additional extract cleanup was performed following exchange into hexane.  The hexane residues 
were then analyzed for PCBs according to BNFL-TP-29953-027 by gas chromatography.

2.5 Remaining AP-101 Composite Material

The combined total volume sampled for the various analyses was 529-mL.  The amount remaining 
after all sampling events were completed is nominally 130-mL or 171-g.
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3.0 Analytical Results

Tables 3.1 through 3.5 provide inorganic, radioisotopic, and organic analytical results for the 
triplicate AP-101 composite samples. The average of the triplicate values and the relative standard 
deviation (RSD) are also given.  Results are reported in µg/mL or µCi/mL.  The reference date for 
radioisotope activities is the analysis date.  The nominal propagated uncertainties are also provided as 
1-σ unless otherwise noted.

Preparation blank results are also reported, as appropriate.  Several analytes were measured directly, 
requiring no preparation blank (e.g., GEA, IC, and hydroxide).  In these instances, the preparation 
blank field is empty.  Generally, analyte concentrations in the preparation blanks were either 
insignificant relative to the sample analyte concentration or at or near the method detection limit.
This indicates processing steps did not result in significant sample contamination (except in the case 
of B, see discussion in section 3.2).

Specification 7 for Envelope A defines limits for several analytes relative to sodium concentration 
(moles analyte per mole Na or Bq analyte per mole Na).  These ratio limits are provided in 
conjunction with as-measured ratios.  In all cases the mole or Bq analyte to moles Na ratio did not 
exceed the limits defined in Specification 7 for Envelope A.  It should be noted the K concentration is 
also relatively high (0.8M) and may also affect other process steps including Cs ion exchange, Tc ion 
exchange, and vitrification.

Specific quality control and quality assurance discussions are given in Section 4.0.

3.1 Analyte List Modifications

The analyte list provided by the client was extracted from Contract Specification 7.  Several 
modifications to this analyte list had to be incorporated as follows:

• The Pu separation and subsequent analysis by AEA requires 239Pu and 240Pu be measured 
together as a sum, not as separate isotopes.  The alpha energy peaks from these isotopes are 
non-resolvable.  The lower of the two MRQs for these analytes was used for compliance 
purposes.

• The laboratory was directed to determine pertechnetate (99TcO4
-+7) using separations and beta 

counting techniques, as opposed to total 99Tc.  The procedure was modified slightly to 
exclude the sample oxidation step so that the nonpertechnetate fraction was not oxidized.
Also, instead of measuring the 99Tc by liquid scintillation, sample preparations were counted 
with gas-flow proportional counters.

• Analysis for 135Cs was not performed as requested by gamma spectrometry.  There are no 
gamma-emissions associated with this isotope.

• Analyte concentrations, in addition to the required and opportunistic analytes, are provided in 
Tables 3.1 and 3.4.  These additional analytes were measured as part of the method and are 
provided for additional information.

• Total carbon was measured using the furnace oxidation method as opposed to individual 
measurements of TOC and TIC.  This method is considered reliable for only total carbon.
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3.2 Data Limitations

• The reported fluoride results, average 2900 µg/mL, represent the summation of fluoride, 
acetate, and formate concentrations, as these are not resolvable on the inorganic anion 
analysis IC system.  The acetate and formate were quantified on the organic anion IC system.
The sum of these two analytes is 2840 µg/mL.  This indicates very little fluoride is present in 
AP-101.

• The reported acetate results represent the summation of glycolate and acetate, as these are not 
resolvable on the organic IC system.

• ICP-MS analytes at AMU-241, 242, and 243, were measured relative to a 239Pu standard and 
the reported results are considered semi-quantitative.  They are listed in the stable element 
data Table 3.3. with concentration units of µg/mL.  Although these elements are unstable, an 
activity concentration cannot be applied without knowing the specific activity, and thus the 
analyte identity.  For example, if 241AMU is assigned to Am, then the activity becomes 
<0.038 µCi/mL; if 241AMU is assigned to Pu, then the activity becomes <1.2 µCi/mL.

• The 126Sn and 231Pa ICP-MS analytes were determined relative to related isotopes and the 
reported results are considered semi-quantitative.

• Boron was present in the preparation blank at 40% of the sample concentration indicating the 
sample boron concentration could be biased high by the digestion method.

• Arsenic was present in the preparation blank at 10% of the sample concentration indicating 
the sample arsenic concentration could be biased high by the digestion method.

• The alpha summation is a better representation of the total alpha activity than the total alpha 
determination for this matrix.  Solids loading on the total alpha mount resulted in some alpha 
attenuation.

• The acid digestion preparations for ICP and ICP-MS were filtered to remove a small amount 
of floating particulates.  This leaves open the possibility that one or more analyses could be 
biased low.

• PCBs have low solubilities and tend to plate out on vessel walls.  Typically sample vessels are 
rinsed with a PCB solvent (methylene chloride) to remove potentially plated PCBs.  No vessel 
rinsing was performed during the sampling, homogenization, or sub-sampling steps.  This could 
cause a low bias for the PCB results.

• The reported total PCB MDL represents the MDL summation of seven Aroclors, where each 
Aroclor MDL is 0.2 µg/L.

3.3 General Observations

• The total 99Tc measured by ICP-MS agreed well with the pertechnetate analysis (separations 
and beta counting), indicating the 99Tc in AP-101 is present in the pertechnetate form.
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• The U concentrations determined by KPA and ICP-MS agreed within the 2-σ uncertainty. 

• The total beta activity is equivalent to the 137Cs activity indicating 137Cs is the primary 
β-emitting isotope in this waste.

• The phosphorous concentration is virtually identical to the phosphate concentration indicating
the phosphorous is primarily present as phosphate.

• Generally the analyte concentrations measured by both ICP-MS and ICP were consistent.
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Table 3.1.  241-AP-101 Composite, ICP Metals Results

Lab ID PB-1701 00-1701 00-1701D 00-1701T

Sample ID prep blank sample duplicate triplicate

Run date 4/11/00 4/11/00 4/11/00 4/11/00 Average RSD Average

Units µg/mL µg/mL µg/mL µg/mL µg/mL % M

Measured
Mole analyte
per mole Na

Ratio

Specification 7 
Envelope A 

Limits
Mole analyte
per mole Na

Ratio

Analyte(1)

Ag <0.12 <0.63 <0.63 <0.62 <0.63

Al 4.5 7,380 6,680 6,760 6,940 5.5 2.6E-1 4.6E-2 2.5E-1

Ba <0.05 [0.32] [0.34] [0.33]  [0.33] 3.0 [2.4E-6] [4.3E-7] 1.0E-4

Bi <0.48 <2.5 <2.5 <2.5 <2.5

Ca [1.4] [7.8] [7.5] [7.7] [7.7] 2.0 [1.9E-4] [3.4E-5] 4.0E-2

Cd <0.07 [2.0] [1.9] [2.0] [2.0] 2.9 [1.7E-5] [3.1E-6] 4.0E-3

Cr <0.1 158 137 135 143 8.9 2.8E-3 4.9E-4 6.9E-3

Cu [0.18] [1.7] [1.5] [1.5] [1.6] 7.4

Fe [0.38] [2.9] [2.4] [2.2] [2.5] 14 [4.5E-5] [8.0E-6] 1.0E-2

K <9.7 31,700 30,500 31,500 31,200 2.1 8.0E-1 1.4E-1 1.8E-1

La <0.24 <1.3 <1.3 <1.2 <1.3 <9.4E-6 <1.7E-6 8.3E-5

Mg <0.48 <2.5 <2.5 <2.5 <2.5

Mn <0.24 <1.3 <1.3 <1.2 <1.3

Na 14 132,000 125,000 131,000 129,300 2.9 5.62E+0

Nd <0.48 <2.5 <2.5 <2.5 <2.5

Ni 1.6 8.6 7.7 7.5 7.9 7.6 1.4E-4 2.4E-5 3.0E-3

P <0.48 371 290 281 314 16 1.0E-2 1.8E-3 3.8E-2

Pb <0.48 [15] [15] [15] [15] 0 [7.2E-5] [1.3E-5] 6.8E-4

Pd <3.6 <19 <19 <19 <19

Rh <1.5 <7.6 <7.6 <7.5 <7.6

Ru <5.3 <28 <28 <27 <28

Si [24] 143 132 137 137 4.0

Sr <0.07 <0.38 <0.38 <0.37 <0.38

Ti <0.12 <0.63 <0.63 <0.62 <0.63

U <9.7 [68] [62] [56] [62] 9.7 [2.6E-4] [4.6E-5] 1.2E-3

U(KPA)(2) 0.0054 51.7 51.2 50.3 51.1 1.4 2.1E-4 3.8E-5 1.2E-3

U(ICP-MS)(3) <0.14 58.9 52.9 54.1 55.3 5.7 2.3E-4 4.1E-5 1.2E-3

Zn [0.91] [5.8] [5.5] [5.4] [5.6] 3.7

Zr  <0.24 [1.4] [1.4] [1.3] [1.4] 4.2

Additional analyte information

As* <1.21 <6.3 <6.3 <6.2 <6.3

Be* <0.05 [1.1] [1.0] [1.0] [1.0] 5.6

B* 6.62 15 14 15 15 2.6

Co* <0.24 <1.3 <1.3 <1.2 <1.3

Li* <0.15 <0.76 <0.76 <0.75 <0.76

Mo* <0.24 [12] [10] [9.8] [11] 11

Se* <1.2 <6.3 <6.3 <6.2 <6.3

Sn <7.3 [60] <38 <37 <38

Tl* <2.4 <13 <13 <12 <13

V* <0.24 <1.3 <1.3 <1.2 <1.3

W* <9.7 <51 <51 <50 <51

Y <0.24 <1.3 <1.3 <1.2 <1.3

(1) Overall error for reported results is estimated to be within +/-15%, 2-σ; however results in brackets "[ ]" are less
       than the estimated quantitation level (i.e., 10-times MDL) and error is anticipated to exceed +/-15%.

(2) U (KPA) indicates U determination by kinetic phosphorescence on 4/26/00 with an uncertainty of 3%, 1-σ.
(3) U (ICP-MS) indicates opportunistic U determination by ICP-MS on 4/18/00, with an uncertainty of 3.5%, based on one standard 

deviation  triplicate sample summing all U isotopes.
     *Analytes on ICP-MS Specification 7 list.
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Table 3.2.  241-AP-101 Composite, Radionuclide Results

Measured

Specification 7 
Envelope A 

Limits

Lab ID PB-1701 00-1701 00-1701D 00-1701T Propagated Bq analyte Bq analyte

Sample ID prep blank(1) sample duplicate triplicate 1-σ Average RSD Analysis per mole Na per mole Na

Units µCi/mL µCi/mL µCi/mL µCi/mL % Error(3) µCi/mL %  Date Ratio Ratio

Analyte
3H <2E-4 5.05E-3 4.84E-3 4.60E-3 3 4.83E-3 4.7 4/16-21/00
14C <4E-5 2.56E-4 2.55E-4 2.77E-4 8 2.63E-4 4.7 5/11/00

60Co (GEA) 3.22E-3 3.40E-3 3.24E-3 7 3.29E-3 3.0 4/28-30/00 2.2E+4 6.1E+4
79Se <3E-6 5.56E-5 6.97E-5 4.93E-5 5-11 5.82E-5 18 5/18/00
90Sr <2E-4 8.71E-2 8.77E-2 8.75E-2 3 8.74E-2 0.3 5/1/00 5.8E+5 4.4E+7

99Tc (+7) <2E-5 4.71E-2 4.34E-2 5.10E-2 4 4.72E-2 8.1 4/24-25/00 3.1E+5 7.1E+6
106Ru/Rh (GEA) <9E-2 <9E-2 <9E-2 <9E-2 4/28-30/00

125Sb (GEA) <6E-2 <6E-2 <6E-2 <6E-2 4/28-30/00
134Cs (GEA) 4.77E-2 4.81E-2 4.62E-2 3 4.73E-2 2.1 4/28-30/00
137Cs (GEA) 1.44E+2 1.44E+2 1.45E+2 2 1.44E+2 0.4 4/28-30/00 9.5E+8 4.3E+9
152Eu (GEA) <2E-3 <3E-3 <2E-3 <2E-3 4/28-30/00

154Eu (GEA) <2E-3 <2E-3 <2E-3 <2E-3 4/28-30/00 <3E+5(4) 1.2E+6(4)

155Eu (GEA) <4E-2 <4E-2 <4E-2 <4E-2 4/28-30/00
238Pu <2E-7 1.39E-5 1.49E-5 1.54E-5 6 1.47E-5 5.2 4/25-26/00

239Pu +240Pu <2E-7 1.24E-4 1.28E-4 1.27E-4 4 1.26E-4 1.6 4/25-26/00
241Am (GEA) <4E-2 <4E-2 <4E-2 <4E-2 4/28-30/00

241Am <5E-7 1.73E-4 1.65E-4 1.70E-4 5 1.69E-4 2.4 4/25-26/00
242Cm <8E-8 <1E-7 <9E-8 <2E-7 <2E-7 4/25-26/00

243+244Cm <8E-8 1.34E-6 7.40E-7 1.02E-6 21 1.03E-6 29.1 4/25-26/00

Total alpha <7E-5 2.55E-4 2.22E-4 2.65E-4 14 2.47E-4 9.1 4/24/00

Alpha sum(2) 3.12E-4 3.09E-4 3.13E-4 3.11E-4 0.7 4/25-26/00 2.0E+3 4.8E+5

Total beta 8.57E-5 1.46E+2 1.40E+2 1.54E+2 4 1.47E+2 4.8 4/20-24/00

ICP-MS Analytes
99Tc (total) <2.5E-4 5.14E-2 4.76E-2 4.80E-2 1-4 4.90E-2 4.3 4/13/00 3.2E+5 7.1E+6

126Sn <1.3E-3 <8.6E-4 <8.6E-4 <8.2E-4 <8.6E-4 4/19/00
129I <2.5E-6 7.72E-5 7.73E-5 8.71E-5 3-7 8.05E-5 7.1 4/17/00

231Pa <1.0E-4 <1.0E-4 <1.1E-4 <1.1E-4 <1.1E-4 4/19/00
233U <8.8E-6 5.50E-5 5.60E-5 4.80E-5 7-11 5.30E-5 8.2 4/13/00
234U <5.7E-6 2.70E-5 2.40E-5 2.10E-5 12-21 2.40E-5 12.5 4/13/00
235U <6.8E-9 1.06E-6 9.94E-7 9.82E-7 0.3 1.01E-6 4.2 4/13/00
236U <5.9E-8 2.23E-6 2.07E-6 2.08E-6 2-6 2.13E-6 4.2 4/13/00
238U <4.7E-8 1.95E-5 1.76E-5 1.80E-5 0.5 1.84E-5 5.5 4/13/00

237Np <5.3E-6 <5.4E-6 <5.4E-6 <5.5E-6 <5.5E-6 4/19/00
239Pu <1.2E-3 <1.2E-3 <1.2E-3 <1.2E-3 <1.2E-3 4/19/00
240Pu <2.4E-3 <2.4E-3 <2.4E-3 <2.4E-3 <2.4E-3 4/19/00

(1) Samples run directly by GEA and did not require a preparation blank.

(2) Alpha sum refers to the summation of 238Pu, 239+240Pu, 241Am, and 243+244Cm alpha activities.

(3) The error represents the error of each reported sample concentration.  In some cases, the error was identical and a single error value is given.
      In other cases, the reported values had varying errors and the error range is given.

(4) Based on the summation of 154Eu and 155Eu.
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Table 3.3.  241-AP-101 Composite, ICP-MS Stable Element Results

Lab ID PB-1701 00-1701 00-1701D 00-1701T

Sample ID prep blank sample duplicate triplicate Propagated Average RSD

Run date 4/13-19/00 4/13-19/00 4/13-19/00 4/13-19/00 1-σ
Units µg/mL µg/mL µg/mL µg/mL % Error(1) µg/mL %

Analyte

As 0.13 1.46 1.15 1.18 2-4 1.26 14

B 6.42 15.5 15.3 17.2 1 16.0 6.5

Be 0.012 1.32 1.28 1.35 1-2  1.32 2.7

Ce <0.079 <0.077 <0.075 <0.072 <0.077
Co 0.014 0.356 0.331 0.369 1-3 0.352 5.5

133Cs 0.014 4.96 4.90 5.40 1  5.09 5.4

Eu <0.017 <0.016 <0.016 <0.015 <0.016
127I <0.013 2.42 2.49 2.73 2-5  2.55 6.4

Li < 0.064 0.323 0.329 0.367 1 0.340 7.0

Mo <0.013 15.9 13.4 14.1 1-2 14.5 8.9

Pr <0.018 <0.018 <0.017 <0.017 <0.018

Rb 0.017 3.92 3.78 4.22 1 3.97 5.7

Sb 0.029 0.045 0.041 0.040 4-10 0.042 7.2
Se <2.3 <2.3 <2.3 <2.3 <2.3

Ta <0.087 <0.087 <0.089 <0.089 <0.089

Te <0.17 <0.17 <0.16 <0.16 <0.17

Th <0.011 <0.011 <0.011 <0.011 <0.011

Tl <0.0055 0.0192 0.0168 0.0165 3-8 0.018 8.5

U <0.14 58.9 52.9 54.1 3.5 55.3 5.7

V <0.79 <0.77 <0.75 <0.72 <0.77

W <0.089 28.5 28.4 28.9 2-5 28.6 0.9
241AMU <0.011 <0.011 <0.011 <0.011 <0.011
242AMU <0.010 <0.010 <0.010 <0.010 <0.010
243AMU <0.0069 <0.0071 <0.0072 <0.0072 <0.0072

(1) The error represents the error of each reported sample concentration.  In some cases, the error was identical and a single error value is given.
      In other cases, the reported values had varying errors and the error range is given.

Note: the last 3 listed elements, AMU-241, 242, and 243, were listed in this table with a concentration of µg/mL
as opposed to the radionuclide table in units of µCi/mL.  In order to determine the concentration in µCi/mL, the 
mass would have to be assigned to a radioisotope and multiplied by the specific activity.  Thus if AMU-241 is 
assigned to Am, then the activity becomes <0.038 µCi/mL; if AMU-241 is assigned to Pu, then the activity 
becomes <1.2 µCi/mL.  The same concept is applicable to the other two masses.
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Table 3.4.  241-AP-101 Composite, IC Results

Measured

Specification 7 
Envelope A 

Limits

Lab ID 00-1701 00-1701D 00-1701T Mole analyte Mole analyte

Sample ID sample duplicate triplicate Average RSD Average per mole Na per mole Na

Units µg/mL µg/mL µg/mL µg/mL % M Ratio Ratio

Inorganic Anions(1), run date 4/23-24/00

Fluoride(2) 2,880 2,880 2,940 2,900 1.2 1.5E-1 2.7E-2 9.1E-2

Chloride 2,000 1,920 2,010 1,980 2.5 5.6E-2 9.9E-3 3.7E-2

Nitrite 42,200 41,000 42,400 41,900 1.8 9.1E-1 1.6E-1 3.8E-1

Nitrate 133,000 130,000 133,000 132,000 1.3 2.1E+0 3.8E-1 8.0E-1

Phosphate 1,040 1,000 1,020 1,020 2.0 1.1E-2 1.9E-3 3.8E-2

Sulfate 4,070 3,940 4,080 4,030 1.9 4.2E-2 7.5E-3 1.0E-2

Organic Anions(3), run date 5/11-13/00

Acetate(4) 1,540 1,790 1,600 1,640 8.0

Formate 1,130 1,260 1,200 1,200 5.4

Oxalate 1,800 1,780 1,820 1,800 1.1

Citrate <890 <890 <890

Additional analyte information from Inorganic Anion analysis

Bromide <500 <500 <500

(1) Overall error for reported results is estimated to be within +/-15%, 2-σ.

(2) The fluoride results represents the summation of fluoride, acetate, and formate.

(3) Overall error for the reported results is estimated to be within +/-30%, 2-σ.

(4) The acetate value represents the summation of acetate and glycolate.
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Table 3.5.  241-AP-101 Composite, Miscellaneous Analyte Results

Measured

Specification 7 
Envelope A 

Limits

Lab ID PB-1701 00-1701 00-1701D 00-1701T Mole analyte Mole analyte

Sample ID prep blank sample duplicate triplicate Average RSD Average per mole Na per mole Na

Units µg/mL µg/mL µg/mL µg/mL µg/mL % M Run Date Ratio Ratio

Analyte(1)

Persulfate Method(2)

TIC 6,550 6,400 6,430 6,460 1.2 5.4E-1 4/13-14/00 9.58E-2 3.0E-1

TOC 1,860 1,980 2,030 1,960 4.5 1.6E-1 4/13-14/00 2.91E-2 5.0E-1

TC(3) 8,410 8,390 8,460 8,420 0.4 4/13-14/00

TC, Furnace Method(2) 8,530 8,670 8,620 8,610 0.8 4/13-14/00

Mercury 0.026 <0.025 <0.025 0.032 <2E-7 5/11/00 <3E-8 1.4E-5

Cyanide 5.81 5.56 5.73 5.70 2.2 5/11/00

Ammonia(4) 1.83 1.70 1.61 1.71 6.5 4/11/00

Total hydroxide 42,300 41,100 40,500 41,300 2.2 2.4E+0 5/11/00

Units µg/L µg/L µg/L

Total PCB <1.4 <1.4 <1.4 8/14/00

Units  g/mL g/mL g/mL g/mL %

Density 1.307 1.309 1.308 1.308 0.076 4/5/00

(1) Overall error for the reported results (except for ammonia) is estimated to be within +/-15%, 2-σ.

(2) Reporting units are µg C/mL solution.

(3) Total carbon is the sum of the TIC and TOC of the persulfate oxidation method.

(4) Error is estimated to be +/-20%, 2-σ.
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4.0 Procedures, Quality Control, and Data Evaluation

A discussion of procedures, data quality, and quality control is provided below for each analytical 
method.  The PNL-ALO-128 preparative blank spike and matrix spike recoveries are relevant to ICP 
and specifically included TCLP metals.  However, two of the TCLP metals (As and Se) are included 
in the ICP-MS analysis.   Other analytical methods, as well as ICP, generally relied on post digestion 
blank spikes and post digestion matrix spikes for use in data quality assessments.  Analytical 
instrument calibration and calibration verification was performed in accordance with the SBMS 
Quality Assurance Program.  This QA program is in compliance with HASQARD.  Raw data 
including bench sheets, instrument printouts, data reduction, and calibration files are maintained or 
cross-referenced in the project files.

4.1 Metals Analysis by ICP—Tables 3.1 and 4.1

The PNL-ALO-128 acid extracted samples required 5, 10 and 50-fold dilutions in order to quantify 
all analytes of interest according to PNL-ALO-211.   The detected analytes at or above the estimated 
quantitation level (EQL) are reported with an uncertainty of ±15% (2-σ), and is equivalent to ten 
times the MDL. Values in brackets “[ ]” are less than the EQL, and have uncertainties greater than 
±15%. Non-detected analytes are reported as less than the MDL.  As the MDL is approached, 
uncertainty increases to 100%.

Quality control for the ICP analysis consists of sample duplicates, process blanks, serial dilution, 
matrix spikes, laboratory control standards (LCS) or blank spikes, post spikes, verification check 
standards, and high calibration standards. Matrix spike and LCS recovery and precision quality 
control parameters were also defined by BNFL.  These quality control parameters were evaluated in 
detail and are summarized below.

Replicates:  All analytes of interest were recovered within the precision tolerance limit of ≤15%
relative standard deviation (RSD) except for P where the RSD was 16%.

Preparation blanks:  All preparation blank analytes of interest were within tolerance limit of ≤ EQL or 
< 5% of sample concentration in the prepared samples.

Serial dilution:  Results from serial dilution were within tolerance limit of ≤ 10% for all analytes 
tested after correcting for dilution.

Matrix spikes:  All matrix-spiked analytes of interest were recovered within tolerance limits of 75% 
to 125% recoveries except silver, barium and lead.   Silver recovery (about 35%), barium recovery 
(about 30%) and lead recovery (about 65%) were all low and may be related to the presence of sulfate 
and/or carbonate in the sample.  Low silver recovery is probably due to the small amount of 
hydrochloric acid used during sample processing resulting in some silver chloride precipitation.

LCS:  All LCS aliquots had a small amount of precipitate remaining after processing that required 
filtration. All analytes of interest were recovered within tolerance limit of 80% to 120% recoveries 
except silver.  Low recovery of silver in the blank spike (about 69%) was probably due to the small 
amount of hydrochloric acid used during sample preparation resulting in some silver chloride 
precipitating from solution. The LCS for silver recovery was 69%, below QC Acceptance Criteria of 
80%-120%.
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Post-spiked samples:  All analytes of interest were recovered within tolerance of 75% to 125% except 
silicon and palladium.  Silicon recovery (147%) exceeded tolerance limit.  Palladium recovery (53%) 
exceeded tolerance limit.  All other analytes of interest above EQL were within tolerance.  Palladium 
was found low in the group B spike.  Single element palladium at 2.0 µg/ml measured at the 
beginning, middle and end of the run, were well within the tolerance limit.  Palladium was not 
detected in the sample aliquots.

Verification check standards: Concentrations of all analytes were within the tolerance limit of ± 10% 
accuracy in standards (except palladium). The calibration blank concentration was acceptable, less 
than two times the IDL.  The palladium in the QC check standard was low (about 42% to 48%), 
however, a single element standard of palladium at 2.0 µg/ml measured at the beginning, middle and 
end of the ICP run was well within tolerance limit indicating acceptable palladium accuracy.
Palladium was not detected in the sample aliquots.

High calibration standard check: Verification of the high-end calibration for all analytes measured 
was within tolerance limits of ± 5% accuracy.

Detection limits:  The reported MDLs for all analytes were less than the BNFL MRQs and in most 
cases, the EQLs were less than the MRQs (Ba, La, Rh, Ru, and Si EQLs were higher than the 
associated MRQs).

4.2 Total Uranium (KPA) Tables 3.1 and 4.1

Triplicate PNL-ALO-106 acid digested samples were measured for total uranium according to 
procedure PNNL-ALO-4014 using Kinetic Phosphorescence Analysis (KPA).  The triplicate results 
showed excellent agreement with a RSD of 1%.  A small amount of uranium was detected in the acid 
digestion process blank; however, the level was a factor of 10,000 lower than the uranium measured 
in the samples.  A blank prepared at the time of the analysis did not detect any uranium.  Uranium 
continuing calibration verification (CCV) standards analyzed before and after the samples agreed 
within 3% of the known values. A specific blank spike and a matrix spike were not run.  The U(KPA) 
analysis results agreed well with the U(ICP-MS) analysis results.

4.3 Radioisotopic Analyses, Tables 3.2 and 4.2

Gamma energy analysis (GEA), pertechnetate, tritium, 14C, and 79Se analyses were performed on as-
received samples, i.e., acid digestion of sub-samples was not performed.  Other radioisotopic analyses 
were performed using the PNL-ALO-106 acid digested samples.  Because a radioisotopic LCS is not 
available, post digestion spikes, tracers, and/or carriers were used, as appropriate, for monitoring 
process control.

Gamma Spectrometry
Triplicate 100-µL aliquots of the AP-101 original material were prepared into 2-mL geometries with 
deionized water (no acid digestion was applied).  The small aliquot size was necessary to reduce the
detector dead time attributed to the high 137Cs activity.  The samples were counted and analyzed 
directly by GEA according to procedure PNL-ALO-450.  Because no sample manipulation was 
performed other than simple aliquoting and diluting, no preparation blank was prepared.  In order to 
meet the required detection limits, the samples were counted for 14 hours each.  Despite the longer 
counting time, the 241Am MRQ was not met; this isotope however was quantified using radiochemical 
separations.  Only 137Cs, 134Cs, and 60Co could be identified in the gamma spectra.  The triplicate 
concentrations of 137Cs, 134Cs, and 60Co agreed to within ±3%, well within the <15% RSD acceptance 
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criteria.  The other requested analyte concentrations were below the minimum reportable quantities.
Analysis for 135Cs by GEA was not possible because this isotope has no γ-emissions.

Pertechnetate
The radiochemical 99Tc determination was requested to measure only Tc in the +7 oxidation state 
(pertechnetate).  To this end, all sample manipulations had to be non-oxidizing so as not to alter the 
original Tc oxidation state.  Small aliquots from the as-received material (no digestion) were taken for 
analysis according to procedure PNL-ALO-432.  A blank was prepared and run in parallel with the 
samples.  This procedure normally requires the use of a sodium dichromate addition to oxidize the Tc 
to the +7 oxidation state.  The sodium dichromate addition was omitted and the procedure was 
otherwise performed as written.  The separated fractions were then counted according to RPG-CMC-
408.  One sample was also counted by gamma spectrometry (according to PNL-ALO-450) to verify 
the absence of 137Cs.  Pertechnetate was added to the blank spike and matrix spike and their 
recoveries were 99% and 84%, respectively, well within project requirements.  The sample activity 
propagated 1-σ uncertainty was 4%.  The RSD of the triplicate samples was 8%, again well within the 
project-required <15% RSD.  The blank contained no measurable 99Tc with a detection limit well 
below the MRQ.

Comparison of the pertechnetate values to the ICP-MS generated values show excellent agreement.
This indicates the 99Tc present in AP-101 is primarily in the +7 oxidation state.

Total Alpha
The total alpha activity was determined by direct-plating small aliquots of the acid-digested samples 
onto planchets according to RPG-CMC-4001.  The samples were then counted on Ludlum detectors 
according to RPG-CMC-408.  The sample activities resulted in a 9% RSD, well within the <15% 
RSD acceptance criteria.  Alpha activity was not found in the preparation blank.  The blank spike 
239Pu recovery was 99% and the matrix spike 239Pu recovery was only 55%.  The low matrix spike 
recovery is attributed to the solids loading on the planchet from the sample matrix salts that 
attenuate/absorb the alpha emissions.  This is a physical problem with the sample as it is presented to 
the detector and does not indicate the analysis is out of control.  What this does indicate is that the 
analytical method (which does not correct for solids loading) is probably biased low by as much as 
45% for this matrix.  A better indication of the total alpha activity is given by the summation of the 
alpha emitters (239+240Pu, 238Pu, 241Am, 243+244Cm and 242Cm), where matrix effects have been 
eliminated through radiochemical separations.  These alpha-emitter summations range from 18% to 
39% higher than the total alpha activity found by direct plating.  The RSD for the summation method 
is ±1%.

Total Beta
The total beta activity was determined by directly plating small aliquots of the acid-digested samples 
onto planchets according to RPG-CMC-4001.  The samples were then counted on a low-background
alpha/beta gas-flow proportional counter according to RPG-CMC-408.  The detectors were calibrated 
for beta activity relative to 90Sr/90Y.  The beta energy of 137Cs is similar to that of 90Sr and will have a 
counting efficiency similar to that of pure 90Sr.  The total beta analyses compared to the 137Cs
determinations shows that virtually all of the beta activity is due to 137Cs as the two activity 
concentrations are in excellent agreement.  The 5% RSD is within the experimental error.  The blank 
spike and matrix spike showed excellent 90Sr/90Y recoveries at 100% and 103%, respectively.

Plutonium, Americium, and Curium
Analyses of Pu, Am, and Cm were conducted on the acid-digested samples.  The Pu and Am/Cm 
separations were performed according to PNL-ALO-417; the separated fractions were precipitation 
plated according to PNL-ALO-496; and the samples were counted by alpha spectrometry according to 
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PNL-ALO-422.  Plutonium recovery was traced with 242Pu.  The curium chemistry is known to 
follow the americium and both these isotopes were traced with 243Am.  Plutonium radiochemical 
yields were excellent at >90%.  Radiochemical yields for Am ranged from 70% to 86%.  In both 
cases, ample counts were obtained to define analyte and tracer activities.  Neither Pu, Am nor Cm 
were detected in the preparation blank.  The blank spike and matrix spike for Pu resulted in 98% and 
101% yield-corrected recovery.  This indicates the chemistry and analyses were not biased.  The 
blank spike and matrix spike for the Am (and Cm) fractions resulted in 94% and 91% yield-corrected
recovery.   The 239+240Pu RSD was 2% and the 238Pu RSD was 5%.  The 241Am RSD was 2% and the 
243+244Cm RSD was 29%.  This latter high RSD reflects the much higher uncertainty associated with 
the analytical results, which were approximately 5 orders of magnitude less than the requested MRQ.

Strontium-90
The Sr separation was performed on the acid-digested samples according to PNL-ALO-476 and 
radiochemical yields were traced with 85Sr.  The separated fractions were then beta-counted according 
to RPG-CMC-408 and gamma counted according to PNL-ALO-450 (for 85Sr determination and 137Cs
impurity assessment).  Two of the separated fractions contained a small amount of 137Cs and a 
correction to the beta count rate was applied for these samples.  Strontium-90 was not found in the 
preparation blank.  The RSD was 0.3%, indicative of excellent precision.  The LCS and matrix spike 
recoveries were 92% and 99%, respectively, indicating good accuracy.

Tritium
Aliquots of AP-101 composite were diluted in water and distilled for 3H determination according to 
procedure PNL-ALO-418.  Two serial distillations were required to isolate tritium from 137Cs.
Tritium was then measured using liquid scintillation counting according to procedure PNL-ALO-474.
The first distillation showed the presence of higher-energy beta activity, most likely due to 137Cs.  A 
second distillation succeeded in removing most of this contamination; however, two of the triplicate 
samples required subtraction of weak beta contamination using the ratio of the counts in the tritium 
energy region to the counts at higher energies, as determined from the first counting results.  The 
triplicate results showed good agreement with a RSD of 5%.  A blank spike showed good recovery at 
96%.  No tritium was detected in a blank processed with the samples.

Selenium-79
Direct AP-101 composite sub-samples were analyzed in triplicate for 79Se following procedure PNL-
ALO-440.  Each sample was spiked with 20 mg Se carrier in solution for yield correction.  The 
samples were passed through mixed-bed anion and cation exchange resins that removed most 
radiochemical interferences.  Selenium was distilled as selenium bromide and then reduced to 
elemental form.  The chemical yield was determined gravimetrically by weighing the recovered 
elemental selenium.  The selenium was then dissolved and the 79Se activity was determined by liquid 
scintillation counting according to procedure PNL-ALO-474.  The liquid scintillation spectra did not 
show clear evidence for a 79Se peak and there appeared to be some weak beta contamination evident 
in the higher energy region of the beta spectrum.  Hence, the results probably have a slight high bias.
The measured 79Se activity (averaging 5.8E-5 µCi/ml) was below the requested MRQ of 9.0E-5
µCi/ml and only slightly above the nominal MDL of 2.E-5 µCi/ml.  The sample RSD of 18% 
exceeded the RSD acceptance criterion of <15%; however, measurement uncertainties were as high 
as 11% (1-σ) and the sample activities were only a factor of three higher than the MDL.  A 79Se
standard was not available, thus 14C (similar beta endpoint energy as 79Se) was used to calibrate the 
liquid scintillation detector.  For the same reason a blank spike and a sample spike could not be run. 
The sample carrier recoveries were generally low at 27% to 63% and the blank recovery was 68%.
All sample activities were corrected for radiochemical yield.  The process blank did not show any 
evidence of contamination.
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Carbon-14
Direct samples of the AP-101 composite were analyzed in triplicate for 14C following procedure PNL-
ALO-482.  The samples were combusted in a Coulometrics Carbon Analyzer Furnace causing 
oxidation of all carbon species present to CO2.  A natural carbon compound was added as a carrier 
and all of the CO2 released was collected in a sodium hydroxide trap.  An aliquot of the trap solution 
was then counted by liquid scintillation counting according to procedure PNL-ALO-474.  The 
triplicate results showed good agreement with a RSD of 5%.  The blank spike and sample spike 
showed good recoveries at 97% and 96%, respectively.  Carbon-14 was not detected in the blank.

4.4 Inductively-Coupled Plasma—Mass Spectrometry, Tables 
3.3. and 4.3

Splits from the acid extraction (PNL-ALO-128) were submitted for ICP-MS analysis according to 
procedure PNL-ALO-280, Rev. 1.  The sample splits were from the same processed solutions as were 
delivered for ICP analysis.  A preparative blank and TCLP-spiked blank and sample were also 
submitted for ICP-MS analysis (As and Se were the relevant spiked analytes).

Values for the following isotopes were obtained using responses from related isotopes: 126Sn
(obtained from 118Sn), 231Pa (obtained from 232Th), and 240Pu, 241AMU, 242AMU, 243AMU (obtained 
from 239Pu).  Because the concentrations of these isotopes were determined indirectly, 126Sn, 231Pa,
240Pu, 241AMU, 242AMU, and 243AMU results should be considered semi-quantitative.

In general, the results for the quality control samples (i.e., calibration verification standards, 
duplicates, blank spike, sample spike, and post digestion sample spikes) were well within acceptance 
criteria.  One of the CCV results for tellurium and tantalum and the spike recovery for thallium, were 
outside the acceptance window (<20% for the CCV and <30% for the Spike).  Tellurium and 
tantalum did have another CCV result that was acceptable.  The CCV results for thallium were 
acceptable.  The RSDs for all detected analytes were <15%.  The MDL for 231Pa was slightly above 
the MRQ.  The preparation blank for As and B represented 10% and 40% of the measured sample 
concentrations, higher than the 5% acceptance criteria defined in the QA plan.

The 99Tc values reported assume that the Ru present is exclusively fission-product Ru, and therefore 
does not have an isotope at mass to charge ratio (m/z) 99; i.e., everything observed at m/z 99 is due to 
99Tc.  From the appearance of the Ru isotopic abundance, this appears to be a reasonable assumption; 
the isotopic fingerprint exhibited is not natural.  Good agreement between the total 99Tc and the 
pertechnetate (radiochemical determination) values were obtained.

4.5 Anion Analysis, Tables 3.4 and 4.4

Anion analysis was conducted according to two different methods in an effort to achieve the desired 
specificity.  One method, PNL-ALO-212, Determination of Inorganic Anions by Ion 
Chromatography, is optimized for determination of inorganic anions. The other method, AOAM-1,
Method for the Analysis and Quantification of Organic Acids in Simulated and Actual Hanford Tank 
Wastes by Ion Chromatography, is optimized for the determination of organic acids.  Both methods 
were used to evaluate the anionic analytes of interest on unprocessed AP-101 composite sub-samples.
Oxalate concentration was determined by the inorganic anion method, however the reliability of the 
organic anion method is considered to provide superior oxalate results.
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Inorganic Anions
The AP-101 composite sub-samples were diluted 2000 to 5000 fold at the IC workstation to ensure 
that all anions reported were measured within the calibration range.  All client-defined MRQs were 
met at the dilutions analyzed.    From recoveries demonstrated on some of the verification standards,
the AP-101 sample matrix had an adverse effect on the IC column and some reported results may be 
10% to 20% low.   By further diluting the sample, this effect could be minimized, but at the expense 
of meeting the MRQs (particularly phosphate and sulfate).

For the IC column and parameters used, the IC system cannot separate fluoride, acetate, and formate; 
the IC system quantifies and reports all as fluoride.  Acetate (and/or glycolate) and formate were 
quantified in the organic anion analysis, the sum of these nearly equaling the “fluoride” 
concentration.  An upper bound to the fluoride concentration can be calculated by subtracting the 
acetate and formate sum from the reported fluoride concentration providing 50+/- 960µg F/mL or 
<1000 µg F/mL.

Duplicates:  The RSD was <3% for all anions, well within the <15% RSD acceptance criterion.

Matrix Spike:  The matrix spike recoveries for all anions, except nitrate, were within the spiking 
acceptance criteria of 75% to 125%.   The high nitrate concentration of the sample relative to the 
nitrate spiking level (i.e., sample concentration was 10 times greater than the spike concentration) 
significantly impacts the ability to measure the nitrate spike.   No attempt was made to spike the 
samples at an additional spiking level.  A 10,000x dilution provided a result of 130,000µg/mL nitrate, 
in good agreement with the 2000x dilution.  This indicates the matrix effects on nitrate determination 
are negligible.

Blank Spike:  The blank spike recoveries for all anions, except nitrate, were within the Laboratory 
Control Samples (LCS) acceptance criteria of 80% to 120%.   The nitrate recovery was slightly low at 
78%.   It should be noted that the blank spike nitrate recovery was not consistent with other control 
standards analyzed during the analysis run (e.g., Verification Check Standards).

System Blank/Processing Blanks:  A dozen system blanks were processed during the analysis of the 
samples.   No anions were detected in the system blanks above the method detection limit.

Quality Control Calibration Verification Check Standards:  Over twenty mid-range verification 
standards were analyzed throughout the analysis runs.   Numerous verification standards analyzed just 
after the analysis of some of the AP-101 samples demonstrated low recoveries (i.e., recoveries 
ranging from 80% to 90%).   Failure of the verification standard was only observed in those standards 
analyzed just after the AP-101 samples that were prepared with the least dilution.   Numerous reruns 
were performed alternating the AP-101 (at various dilutions) and the verification standard to obtain 
valid data.

Organic Anions
Sample AP-101 was diluted 2000-fold to give acceptable total ion loading on the column.  The 
reported acetate concentration represents the summation of acetate and glycolate, since both ions 
co-elute under the sample analysis conditions.  From tank waste and solubility studies, the acetate and 
glycolate concentrations are tank waste type dependent.  That is, for one tank waste the component 
may be entirely acetate; for another tank with a different fill history, the component may be primarily 
glycolate, or a combination of both analytes (Sharma et al. 1998, Camaioni et al. 1998, Barney 1996, 
Ashby et al. 1994).
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The RSD of the triplicate values were well within the <15% acceptance criteria.  The method 
detection limits are given in Table 4.4. The oxalate MDL was below the client-directed MRQ; other 
analyte MRQs were undefined.

Matrix spiking was done in triplicate at a level approximately 1.5 times the level of analyte in the 
final diluted samples.  This level of spiking is at a challenging level for accurate quantitation; the 
reported levels are near the lowest calibration point for each analyte.  The acetate matrix spike 
recoveries were 175%, 91%, and 105%, averaging 124%.  The formate matrix spike recoveries were 
71%, 104% and 79%, averaging 84%.  The oxalate matrix spike recoveries were 122%, 92%, and 
129%, averaging 114%.  The value for acetate in the matrix spike sample should be considered
suspect, as the peak quantitation had to be done by estimation (since the peak size was so small).  The 
other data represent quantitation that was extracted directly from electronic integration data.  Overall, 
the average data for MS and MSD were within acceptable limits.  The LCS consisted of a mixture of 
formate and oxalate and resulted in 89.3 and 103.8% recoveries, respectively.

4.6 Miscellaneous Analytes, Tables 3.5 and 4.5

Inorganic and Organic Carbon
The AP-101 composite analysis was performed by the hot persulfate wet oxidation method according 
to PNL-ALO-381 and by the furnace oxidation method according to PNL-ALO-380.  The hot
persulfate method uses acid decomposition for TIC and acidic potassium persulfate oxidation at 92-
95°C for TOC, all on the same sample, with TC being the sum of the TIC and TOC.   The furnace 
oxidation method determines TC by oxidizing all forms of carbon (i.e., inorganic and organic) in
oxygen at 1000 °C.  Although the ASR requested TOC and TIC by the furnace method, the method is 
considered reliable only for TC.  For the sample matrix analyzed, the furnace method and hot
persulfate method should provide equivalent TC results; this was confirmed, with the average hot
persulfate TC being 8420 µg/ml and the furnace TC being 8610 µg/ml, an RPD of about 2%.

Per procedures, all sample results were corrected for average percent recovery of system calibration 
standards and were also corrected for contribution from the blank.  Precision and bias were estimated 
to be ±15% (2-σ).

The TIC standard is calcium carbonate and TOC/TC standard is α-Glucose.  The standard materials 
were used in solid form for system calibration check standards as well as matrix spikes.   The QC for 
the methods involves calibration blanks, system calibration standards, sample duplicates, and one 
matrix spike per matrix type.

Calibration Standards:   The QC system calibration check standards were all within acceptance 
criteria of 90% to 110%, with the average recovery being about 99% for TIC and 99% for TOC over 
the two days that the hot persulfate analyses were performed and about 100% for TC for the furnace 
analyses.

Calibration Blanks:  The calibration blanks run at the beginning, middle, and end of the analysis run 
were acceptable and the standard deviations for the TIC and TOC blanks were near the historical 
pooled standard deviation used to establish the method detection limits.  On the May 12th run, the 
TOC blanks were about 2 to 3 times higher than normal, but were quite consistent.  Because the blank 
results were subtracted from the sample results, the high blanks should have no effect on the reported 
data within the reported uncertainty.
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Replicates:    All RSDs were less than 5%, indicating good precision between all measurements.   The 
RSDs met the acceptance criterion of <15%. 

Matrix Spike:  The accuracy of the carbon measurements can be estimated by the recovery results 
from the matrix spike.  The matrix spike for both the hot persulfate and furnace method demonstrated 
recoveries of about 96% to 99% for TIC, TOC, and TC; well within the acceptance criteria of 75% to 
125% recovery.

Laboratory Control Sample:  No LCS was included in the carbon analysis procedure. 

Mercury
The samples were analyzed by cold vapor atomic absorption spectrophotometry for inorganic 
mercury according to PNNL-ALO-201.  Four aliquots of 0.2 ml including one for matrix spike, was 
processed and diluted to a final volume of 25 ml per procedure PNNL-ALO-131; no additional 
dilution was performed.  Concentration of all sample aliquots measured were near instrument 
detection limit and several times lower than MRQ (1.5 µg/ml). The low calibration standard was 
defined as the instrument detection limit (DL) for the reported results and assumes non-complex
aqueous matrices. Routine precision and bias is typically ± 15% (2-σ) or better for non-complex
aqueous samples that are free of interference.

Following are results of quality control checks performed during Hg analyses.  In general, quality
control checks met the requirements of the governing QA Plan.

Working Blank Spike/Process Blank Spike:  The process blank spike recovery was 100%, well within 
the acceptance criteria of 80% to 120%.

Matrix Spiked Sample:  A matrix spike was prepared for the samples submitted under this ASR. 
Recovery of the matrix spike was 97%, well within the acceptance criteria of 75% to 125%.

Duplicate/replicates: The RSD was not calculated since all replicate results were less than 5 x IDL.

Laboratory Control Sample (liquid): Sample recovery of mercury in SRM-1641d (certified by NIST 
to contain 1.60 ± 0.018 µg/ml) was recovered within acceptance criteria of 75% to 125%.

System Blank/Processing Blanks: A system blank was processed during the analysis of the sample.
The concentration measured was within about two times detection limit or less.  Samples were about 
the same concentration as the process blank.

Quality Control Calibration Verification Check Standards: Six mid-range verification standards were 
analyzed throughout the analysis run.  All were within the acceptance criteria of 80% to 120% 
recovery for the verification standard.

Cyanide
The AP-101 composite samples were distilled according to PNL-ALO-287 with the addition of 
sulfamic acid to minimize interference from high nitrates present in the sample. The distillates were 
analyzed for CN concentration according to PNL-ALO-289.  The reporting limits were estimated to 
be approximately 0.25 µg CN/ml based on the sample quantity distilled.  No quality control or other 
measurement problems were encountered.
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An independent mid-range calibration check solution run at the beginning, middle, and end of the 
analysis batch gave an average recovery of 100%.  These calibration check standards ranged from 
99% recovery to 100% recovery, which is within the 85% to 115% acceptance criteria of the 
governing QA plan. 

The AP-101 composite was analyzed in triplicate.  The RPD between the sample and duplicate was 
4.4% and the RSD for the triplicates was 3.1%.  The measurement precision met the quality control 
criterion of <15% RSD.  The LCS (a distilled blank spike) recovery was 101%, well within the 
quality control acceptance criteria.  The spike recovery for the spiked AP-101 composite was 95%, 
well within the acceptance criteria of 75% to 125%.

Ammonia
Ammonia was measured in triplicate sample aliquots of AP-101 composite using an ion selective 
electrode according to procedure PNL-ALO-226.  The ammonia probe was calibrated using five 
standards spanning ammonia concentrations from 1.0E-2 to 1.0E-6 M.  The method of standard 
additions was used to determine the ammonia concentrations by first taking a direct reading and then 
adding a known standard to each sample.  The triplicate concentrations were in good agreement with a 
RSD of 6%.  The method detection limit was estimated at 0.2 µg/ml, well below the requested MRQ 
value of 140 µg/ml.

Hydroxide
A sample of the AP-101 composite was analyzed in triplicate for the free hydroxide content following 
procedure PNL-ALO-228.  Direct sample aliquots were analyzed using a Brinkman 636 Auto-
Titrator.  A 0.1186 N NaOH solution was prepared for use as a standard and sample spike and the 
titrant was a 0.2040 M HCl prepared solution.  Triplicate determinations resulted in ±3% RSD.  The 
standard recoveries averaged 100% and the sample spike recovery was 88%.  Hydroxide was not 
detected in the reagent blank, demonstrating an MDL of 0.02M OH or 340 µg OH/mL. 

PCB
Sample handling processes were inconsistent with a procedure that would be employed for low 
concentration PCB analysis in that sample vessels were not rinsed with a PCB miscible solvent 
following sample transfer.  The rinse is employed to remove adsorbed PCBs from container walls, 
ensuring complete analyte transfer.  However, the client-requested MRQ of 3300 µg/kg (4300 µg/L)
is much greater than a concentration of PCBs where adsorption issues would be of concern such as 
nanogram per milliliter quantities.  Thus any potential loss of analyte would be of little consequence.
However, if PCBs were present in the sample, the actual detection limit may have been affected and 
is potentially higher than reported.  Despite the potential bias, the actual method detection limit would 
be substantially below the MRQ, particularly since there is more than three orders of magnitude 
between the reported detection limit and MRQ.

Because limited sample was available, the quantity of sample used for spiking was approximately half 
of that used for unspiked sample analysis.  The LCS consisted of a spiked blank at a volume similar 
to that used for the samples (100 mL).  The LCS recovery is less than the 80-120% recommended by 
USEPA SW-846 method 8082.  However, the spiking level employed is considerably lower than the 
levels used in the SW-846 method by as much as 25 times.  The lower spiking level used is more 
consistent with up-to-date regulatory expectations.  The recovery does meet the general acceptance 
criteria of 70-130% referred to in USEPA method 8000, which would be applied since the spiking 
level used falls outside of the range applied in USEPA method 8082. 
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While no specific surrogate acceptance criteria have been developed for tank matrices, the recoveries
are all within recommended initial criteria of 20-150%, and meet USEPA CLP SOW OLM01.8 
advisory criteria of 60-150% for water.

Density
The density of the AP-101 composite was calculated using the net sample mass in a 10-mL
volumetric flask at ambient temperature.  The RSD of the measurements was 0.08%.
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Table 4.1.  241-AP-101 Composite, ICP Metals QC Results

Post Post

Lab ID BNFL Matrix Matrix Matrix

Sample ID Average RSD MDL MRQ LCS Spike Spike (A) Spike (B)

Units µg/mL % µg/mL µg/mL % Recovery % Recovery % Recovery % Recovery

Acceptance Criteria <15%(3)   80%-125% 75%-125%

Analyte(1)

Ag <0.63 0.63 17 69 35 96

Al 6,940 5.5 1.5 75 113

Ba  [0.33] 3.0 0.25 2.3 87 30 96

Bi <2.5 2.5 170 95

Ca [7.7] 2.0 6.3 150 97

Cd [2.0] 2.9 0.38 7.5 92 87 97

Cr 143 8.9 0.51 15 93 94 103

Cu [1.6] 7.4 0.63 17 97

Fe [2.5] 14 0.63 75 97

K 31,200 2.1 51 750 115

La <1.3 1.3 2.3 100

Mg <2.5 2.5 170 102

Mn <1.3 1.3 17 99

Na 129,000 2.9 3.8 170

Nd <2.5 2.5 170 101

Ni 7.9 7.6 0.76 30 88 85 99

P 314 16 2.5 330 98

Pb [15] 0.0 2.5 300 101 65 107

Pd <19 19 390 53

Rh <7.6 7.6 18 95

Ru <28 28 36 96

Si 137 4.0 13 90 147

Sr <0.38 0.38 17 97

Ti <0.63 0.63 17 95

U [62] 9.7 51 780 104

U(KPA)(2) 51.1 1.4 0.0002 780

U(ICP-MS)(2) 55.3 5.7 0.02 NP 115

Zn [5.6] 3.7 1.3 17 89 92 96

Zr [1.4] 4.2 1.3 17 100

Additional analyte information

As* <6.3 95 [97] 107

Be* [1.0] 5.6 97

B* 15 2.6 97

Co* <1.3 97

Li* <0.76 95

Mo* [11] 11 97

Se* <6.3 95 [80] 104

Sn <38 93

Tl* <13 92 [91] 97

V* <1.3 97

W* <51 95

Y <1.3 99

Shaded areas highlight non-compliances with BNFL acceptance criteria, see report for discussion.
(1) Overall error for reported results is estimated to be within +/-15% 2-σ; however results in brackets "[ ]" are less than the estimated
      quantitation level (i.e., 10-times MDL) and error is anticipated to exceed +/-15%.

(2) U (KPA) indicates U determination by kinetic phosphorescence; U(ICP-MS) indicates U determination by ICP-MS.
     QC parameters for these techniques were not specified.

(3) RSD acceptance criteria for Na concentration is <3.5%.
     *Analytes on ICP-MS Specification 7 list.
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Table 4.2.  241-AP-101 Composite, Radionuclide QC Results

Blank spike MS

00-1701 BNFL Blank Acceptance Matrix Acceptance

Average % Err RSD(3) MDL MRQ Spike Criteria Spike Criteria

Units µCi/mL 1-σ % µCi/mL µCi/mL % Recovery % Recovery % Recovery % Recovery

Radiochemical Analytes
3H 4.83E-3 3 4.7 2.0E-4 2.1E-2 96 80-120 N/A(5)

14C 2.63E-4 8 4.7 4.0E-5 7.2E-4 97 80-120 96 75-125
60Co (GEA)(1) 3.29E-3 7 3.0 2.1E-3 NP(4) N/A

79Se 5.82E-5 5 18 3.0E-6 9.0E-5 NP N/A
90Sr 8.74E-2 3 0.3 2.0E-4 3.0E-2 92 75-125 99 N/A

99Tc (+7) 4.72E-2 4 8.1 2.0E-5 1.5E-3 99 80-120 84 70-130
106Ru/Rh (GEA)(1) <9E-2 9.0E-2 NP N/A

125Sb (GEA)(1) <6E-2 6.0E-2 1.7E+0 to be obtained N/A
134Cs (GEA)(1) 4.73E-2 3 2.1 3.9E-2 NP N/A
137Cs (GEA)(1) 1.44E+2 2 0.4 3.9E-1 NP N/A
152Eu (GEA)(1) <2E-3 2.0E-3 NP N/A
154Eu (GEA)(1) <2E-3 2.0E-3 2.0E-2 NP N/A
155Eu (GEA)(1) <4E-2 4.0E-2 9.0E-2 NP N/A

238Pu 1.47E-5 6 5.2 2.0E-7 1.0E-2 NP N/A
239+240Pu 1.26E-4 4 1.6 2.0E-7 1.0E-2 98 NP 101 N/A

241Am (GEA)(1) <4E-2 4.0E-2 1.0E-2 NP N/A
241Am 1.69E-4 5 2.4 5.0E-7 3.0E-2 94 NP 91 N/A
242Cm <2E-7 2.0E-7 1.5E-1 NP N/A

243+244Cm 1.03E-6 21 29 8.0E-8 1.5E-1 NP N/A

Total alpha 2.47E-4 14 9.1 7.0E-5 2.3E-1 99 70-130 55 70-130

Alpha sum(2) 3.11E-4 0.7

Total beta 1.47E+2 4 4.8 2.0E-1 100 70-130 103 70-130

ICP-MS Analytes
99Tc (total) 4.90E-2 1-4 4.3 2.6E-4 1.5E-3 80-120 101 70-130

126Sn <9E-4 9.0E-4 6.0E-3 80-120 70-130
129I 8.05E-5 3-7 7.1 6.7E-6 1.8E-5 NP 99 N/A

231Pa <1E-4 1.1E-4 7.9E-5 developed by lab developed by lab
233U 5.30E-5 7-11 8.2 8.8E-6 4.2E-4 90-110 75-125
234U 2.40E-5 12-21 12.5 5.7E-6 1.2E-4 90-110 75-125
235U 1.01E-6 0.3 4.2 6.8E-9 4.5E-8 90-110 75-125
236U 2.13E-6 2-6 4.2 5.8E-8 1.4E-6 90-110 75-125
238U 1.84E-5 0.5 5.5 4.7E-8 7.2E-8 80-120 70-130

237Np <6E-6 5.4E-6 3.9E-5 90-110 119 75-125
239Pu <2E-3 1.2E-3 3.0E-2 not provided 110 not provided
240Pu <3E-3 2.4E-3 3.0E-2 not provided not provided

Shaded areas highlight non-compliances with BNFL acceptance criteria, see report for discussion.

(1) Samples were run directly by GEA and did not require a preparation blank.

(2) Alpha sum refers to the summation of 238Pu, 239+240Pu, 241Am, and 243+244Cm alpha activities.

(3) In all cases the QC acceptance criteria for the RSD is <15%.

(4) NP: not performed, as stated in Quality Control Parameters for Liquid Analysis

(5) N/A: not applicable, as stated in Quality Control Parameters for Liquid Analysis
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Table 4.3.  241-AP-101 Composite, ICP-MS Stable Element QC Results

Post

BNFL Matrix

Average RSD MDL MRQ LCS MS Spike

Units µg/mL % µg/mL µg/mL % recovered % recovered % recovered

Acceptance Criteria <15%   80%-120% 70%-130% 70%-130%

Analyte

As 1.26 14 0.063 2.3 117 120 109

B 16.0 6.5 0.16 2.3 105

Be  1.32 2.7 0.004 2.3 105

Ce <0.077 0.077 2.3 117

Co 0.352 5.5 0.012 2.3 108
133Cs(1)  5.09 5.4 0.004 1.5 108

Eu(1) <0.016 0.016 60 115
127I(1)  2.55 6.4 0.037 TBD(2) 94

Li 0.34 7.0 0.063 2.3 123

Mo 14.5 8.9 0.013 2.3 105

Pr <0.018 0.018 2.3 118

Rb 3.97 5.7 0.011 2.3 106

Sb 0.042 7.2 0.014 2.3 94

Se <2.3 2.3 2.3 102 118

Ta <0.089 0.089 2.3 89

Te <0.17 0.17 2.3 73

Th <0.011 0.011 2.3 122

Tl 0.0180 8.5 0.011 2.3 139

V <0.77 0.77 2.3 110

W 28.6 0.9 0.23 2.3 124
241AMU(1) <0.011 0.011
242AMU(1) <0.010 0.010
243AMU(1) <0.0072 0.0072

Shaded area highlights non-compliance with BNFL acceptance criteria, see report for discussion.

(1) QC acceptance criteria for LCS and matrix spike recoveries and precision were not specified.

(2) To be determined by method
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Table 4.4.  241-AP-101 Composite, IC QC Results

BNFL Matrix

Average RSD MDL MRQ LCS Spike

Units µg/mL % µg/mL µg/mL % recov. % recov.

Acceptance Criteria <15%   80%-120% 75%-125%

Inorganic Anions(1)

Fluoride(2) 2,900 1.2 1.3E+2 1.5E+2 110 114

Chloride 1,980 2.5 1.3E+2 3.0E+2 107 111

Nitrite 41,900 1.8 2.5E+2 2.3E+3 105 119

Nitrate 132,000 1.3 2.5E+2 3.0E+3 78 128

Phosphate 1,020 2.0 2.5E+2 2.3E+3 104 119

Sulfate 4,030 1.9 2.5E+2 2.3E+3 106 108

Organic Anions(3)

Acetate(4) 1,640 8.0 5.5E+2 TBD(5) 124(6)

Formate 1,200 5.2 4.5E+2 TBD(5) 89.3 84(6)

Oxalate 1,800 1.0 8.9E+2 1.8E+3 103.8 114(6)

Citrate <890 8.9E+2 TBD(5)

Additional analyte information

Bromide <500 108 108

Shaded areas highlight non-compliances with BNFL acceptance criteria, see report for discussion.

(1) Overall error for reported results is estimated to be within +/-15%, 2-σ.

(2) The fluoride results represents the summation of fluoride, acetate, and formate concentrations as these cannot be resolved on the IC column.

(3) Overall error for reported results is estimated to be within +/-30% at 2-σ.

(4) Acetate concentration represents the summation of acetate and glycolate concentrations.

(5) To be determined by the method

(6) Based on the average of 3 matrix spike recoveries.
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Table 4.5.  241-AP-101 Composite, Miscellaneous Analyte QC Results

BNFL Blank Matrix

Average RSD MDL MRQ Spike Spike

Units µg/mL % µg/mL µg/mL % Recovery % Recovery

Acceptance Criteria  <15   80-120 75-125

Analyte

Persulfate Method(1)

TIC 6,460 1.2 4.0E+1 1.5E+2 98.5

TOC 1,960 4.5 8.0E+1 1.5E+3 96.3

TC 8,420 0.4 8.0E+1 97.5

TC, Furnace Method 8,610 0.8 1.7E+2 97.5

Mercury <0.032 2.5E-2 1.5E+0 100 97

Cyanide 5.70 2.2 2.5E-1 4.5E+0 101 95

Ammonia 1.71 6.5 2.0E-1 1.4E+2

Total hydroxide 41,300 4.2 3.4E+2 7.5E+4 100 88

Units µg/L % µg/L µg/L(3) % %

Total PCB <1.4 1.4 4300 71.8 101(4)

Units g/mL % g/mL g/mL

Density(2) 1.308 0.076 0.9

(1) Reporting units are µgC/mL solution.
(2) Acceptance criteria for precision was not specified.
(3) MRQ of 3300µg/kg corrected for density.
(4) Average of MS (106% ) and MSD (96.9%) recoveries.
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Appendix A:  Tank 241-AP-101 Grab Samples
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Appendix B:  Test Instructions
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Appendix C:  Analytical Reports

Polychlorinated Biphenyls/Pesticides Analysis

Introduction

Analysis of 241-AP-101 liquid composite samples for Polychlorinated Biphenyls (PCBs) was 
performed by the AOAM group at PNNL.  100 mL sample aliquots were prepared using liquid-liquid
extractions in the SAL.  This procedure is outlined in the test instructions found in appendix B, of the 
technical report PNWD-3046 Inorganic, Radioisotopic, and Organic Analysis of 241-AP-101 Tank 
Waste, June 2000.  The resulting methylene chloride residues were transferred under COC to the 
laboratory for concentration, cleanup, and analysis for PCBs.  The analysis was performed using gas 
chromatography/electron capture detection (GC/ECD) and confirmation by mass spectrometry if 
necessary.  The PCB analysis was not included in the previously referenced report pending 
authorization to proceed and is presented separately as this addendum.

Sample Preparation

300 mL of composite 241-AP-101 sample material was available for PCB analysis.  Prior sample
handling indicated the composite samples were combined from a number of containers.  For 
ascertaining low concentrations of PCBs, each of these and the container used to perform the 
composite, should be rinsed with a PCB miscible solvent to obtain an accurate sample representation.
The rinsing process is performed because the solubilities of PCBs are quite low in aqueous samples 
and are subject to “plating out” on the surfaces of sample containers.  The solubility of PCBs is lower 
in high salt solutions such as tank supernate material.  However, this procedure was not performed for 
this analysis.

Extractions for PCBs were performed according to the test plan, BNFL-TP-29953-089, Organic
Extraction of AP-101 for PCBs.  Duplicate 100 mL and 50 mL aliquots of the liquid samples were 
obtained for extraction.  For the sample and sample duplicate preparations, 100 mL each was used.
For the spike and spike duplicate samples, 50 mL aliquots were used for each preparation.  0.04 ug of 
each surrogate compound was added to all samples.  0.20 ug of Aroclor 1254 was added to the spike 
samples.  Each of the samples were liquid-liquid extracted in a separatory funnel three times using 
25 mL methylene chloride.  The resulting residues were removed from the SAL, and concentrated in 
a radiological fume hood to 2 mL.

Additional cleanup of the extract residue was performed following exchange into hexane.  The 
residues were cleaned by washing with concentrated sulfuric acid.  The remaining hexane residues 
were then analyzed for PCBs.

Instrumentation

Analysis was performed according to the test plan BNFL-TP-29953-027, Analysis for Pesticides and 
PCBs by Gas Chromatography Dual Electron Capture Detection.  The instrumentation used for the 
analysis of PCBs consists of a gas chromatograph equipped with two electron capture detectors 
(ECD).  The analytical instrumentation is identified in Table C.1.  Both of the detectors were operated 
at 320° C.  Injections were made on-column onto a 10 m fused silica retention gap, which was split
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between two analytical columns:  a) 0.32 mm X 30 m CLP I (0.50 µm phase, Restek Corp.) and 
b) 0.32 mm X 30 m CLP II (0.25 µm film thickness, Restek Corp).

Table C.1.  PCB/Pesticides/Analysis Instrumentation

System/Instrument Manufacturer Model Number M&TE (1) Number
hromatograph tt-Packard 5890 WD 11127

(1) Measuring and Test Equipment 

If PCBs are detected at a sufficient concentration, confirmation is performed.  The instrumentation 
used for confirmation is a gas chromatograph/ high-resolution mass spectrometer (GC/HRMS).

Analysis Results

PCB results are presented in Table C.2.  PCBs were not detected above the quantitation limit (MDL) 
for these samples.

Table C.2.  PCB Results

Tank Material AP-101 Supernatant

Sample ID 00-1701  00-1701 00-1701
MDL Proc Blk Sample Duplicate

CAS # Units µµg/L µµg/L µµg/L µµg/L

12674-11-2
53469-21-9

Aroclor 1016/1242 0.2 U U U

11104-28-2 Aroclor 1221 0.2 U U U
11141-16-5 Aroclor 1232 0.2 U U U
12672-29-6 Aroclor 1248 0.2 U U U
11097-69-1 Aroclor 1254 0.2 U U U
11096-82-5
37324-23-5

Aroclor 1260/1262 0.2 U U U

11100-14-4 Aroclor 1268 0.2 U U U
Total PCB 1.4 1.4 1.4 1.4

% Rec % Rec % Rec

 TCX (surrogate) 67.8 86.7 90.2
 DCB (surrogate) 100 80.9 113

U flag = Not detected; results less than MDL 

As seen in Table C.3, the BNFL target MRQs have been met for supernatants (after adjusting for 
density).

Table C.3.  Target PCB/Pesticides Minimum Reportable Quantities

Solids Target Supernatant Target MRQ
MRQ (1) (Density = 1.31 g/mL)

CAS # Compound µµg/Kg µµg/L
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Solids Target Supernatant Target MRQ
MRQ (1) (Density = 1.31 g/mL)

CAS # Compound µµg/Kg µµg/L
All Polychlorinated Biphenyls 3300 4300
(1)  MRQ = Minimum Reportable Quantity as provided by BNFL

QC Evaluation

The sample homogenization process used was not consistent with a procedure that would be 
employed for low concentration PCB analysis.  However, the client requested MRQ of microgram 
quantities is much greater than a concentration of PCBs where adsorption issues would be of concern 
such as nanogram quantities.  So any potential loss of analyte would be of little consequence.
However, this means that if PCBs were present in the sample, the actual detection limit may have 
been affected and is higher than found in Table C.4.  Regardless, the actual detection limit would be 
substantially below the MRQ, particularly since there is more than three orders of magnitude between 
the current detection limit and MRQ.

Because limited sample was available, the quantity of sample used for spiking was approximately half 
of that used for unspiked sample analysis.  The Laboratory control sample (LCS) consisted of a 
spiked blank at a volume similar to that used for the samples (100 mL).  The LCS recovery is less 
than the 80-120 % recommended by USEPA SW-846 method 8082.  However, the spiking level 
employed here is considerably lower than the levels used in the SW-846 method by as much as 25 
times.  The lower spiking level used here is more consistent with up-to-date regulatory expectations.
The recovery does meet the general acceptance criteria of 70-130% referred to in method 8000, which 
would be applied since the spiking level used here fails outside of the range applied in method 8082. 

While no specific surrogate acceptance criteria have been developed for tank matrices, the recoveries 
are all within recommended initial criteria of 20-150%, and meet USEPA CLP SOW OLM01.8 
advisory criteria of 60-150% for water.

Table C.4.  AP-101 – PCB Spike Recoveries

Tank Material AP-101 Supernatant
Sample ID  00-1701 LCS

MS MSD
Units %Rec (µµg/L) %Rec (µµg/L) %Rec (ug/L)

CAS # MDL 0.2 0.2 0.2

11097-69-1 Aroclor 1254 106 (4.3) 96.9 (3.9) 71.8 (1.4)

% Rec % Rec % Rec
TCX (surrogate) 90.2 94.4 76.1
DCB (surrogate) 118 115 61.8

Data pertaining to the analysis of these samples is located in the project files.  Supporting
documentation is located in the files for samples 00-2321 (continuing calibration) and 00-1360 (initial 
calibration).  All analysis QC criteria specified in the test plan BNFL-TP-29953-027, Analysis for 
Pesticides and PCBs by Gas Chromatography Dual Electron Capture Detection were met.
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